-INTRODUCTION
The Goldberg is one of the 250 volcanoes of the West Eifel Volcanic Field (WEVF) ( fig. 1 ). The age of most of those volcanoes is currently unknown within the main eruptive epoch in the relevant field that has lasted mainly throughout the Middle and the Late Pleistocene (Büchel & Lorenz, 1982; Mertes & Schmincke, 1983) . Since the Goldberg is located in Germany, 4 km beyond the Belgian boundary ( fig. 1 ), the presence of its tephra could be suspected at least in the eastern part of Belgium. The aim of this study is to specify the volcanic style eruption of this volcano and to point out the tephra and mineral composition. Then, extensive sampling of soils is carried out all around the volcano, to search for its tephra dispersion, with the hope to add a new marker in the Pleistocene tephrostratigraphical model of West Germany and East Belgium.
In Belgium, four tephra markers are known in the Upper Pleistocene terrains. They are below from the youngest to the oldest.
-The western lobe of the Upper Laacher See Tephra (ULST) (Juvigné, 1977a; van den Bogaard & Schmincke, 1985) is characterized by phonolitic glass (van den Bogaard & Schmincke, 1985) and titanite as indicator mineral (Juvigné, 1977a (Juvigné, , 1993 ; Brauer et al. (1998a, b) : 12,880 ± 120 BP, varve years; Reimer et al. (2004): 13,060-12,910, cal 14 C age of numerous tree remnants buried by the LST; Blockey et al. (2008): 12,975-12,743 cal BP, lacustrine sequence.
-The Eltville Tephra (Rohdenburg & Semmel, 1971; Juvigné & Semmel, 1981) has olivine as indicator mineral. It is dated at about 20 ka and despite the fact that the relevant volcano is not precisely known, it should be in the EEVF (Pouclet & Juvigné, 2009) . The glass material is altered into illite, thus its initial chemical composition is unknown. However, the mineral composition belongs to a basaltic alkaline magma compatible with an Eifel volcanic origin.
-The Rocourt Tephra (Gullentops, 1954; Juvigné, 1977b) dated between 74 and 90 ka displays altered blocky shards and a distinct mineralogical association characterized by the occurrence of enstatite (Pouclet et al., 2008) . The geographical grain-size distribution and the chemical composition of the minerals indicate an origin from the West Eifel Volcanic Field (WEVF).
-The Remouchamps Tephra present in two Belgian caves is dated between 90 ka and 112 ka (Gewelt & Juvigné, 1986; Pouclet et al., 2008) . It is limited to volcanic fragments preserved in speleothems. The rhyolitic composition of the glass and the mineral assemblage of ferri-tschermakite and hypersthene indicate an evolved tholeiitic magmatic signature, and a possible origin from Iceland, owing to its resemblance to Late Quaternary Iceland ash deposits in northern Europe (Davies et al., 2005) .
The assumption for additional tephra markers in West Germany and Belgium is a pending question. Bustamante Santa Cruz (1974) pointed out the presence of euhedral to subhedral clinopyroxenes, both in the flood plain of the Amblève river (Belgium) and in the Goldberg volcano. The author concluded that the Goldberg tephra is present in the Amblève valley. Nevertheless, due to the presence of clinopyroxenes in other tephras from the Eifel Fields (ULST, Eltville and Rocourt) in Belgium, the argument of Bustamante Santa Cruz (1974) has become weak.
The study of the Goldberg by Rahm (1961) and Mertes (1983) does not provide sufficient mineralogical and geochemical data to identify distal occurrences of its tephra. Moreover the pyroclasts of the Goldberg have to be distinguished from Upper Laacher See Tephra (ULST), which is present everywhere in the studied area. Other tephras have also blanketed the area: Eltville Tephra and Rocourt Tephra. Hence, hereafter, we investigated in details, both the pyroclasts of the Goldberg and the volcanic materials in the surrounding of the volcano.
-THE gOLDBERg VOLCANO
The Goldberg volcano has formed throughout a plateau constituted by Early Devonian slates and sandstones ( fig. 2) . The local structural pattern shows two fault systems. The SW-NE fractures date back to the Variscan orogeny. The SE-NW to ESE-WNW faults are related to the recent Rhine Graben tectonic formation. The Goldberg volcano is controlled by this latter fault set.
Present-day, the volcano is severely destroyed by the quarry digging. After Rahm (1961) , it was constituted by two neighbouring hillocks aligned NE-SW. These mounds are remnants of a former edifice made up of older tephra. The crater area is defined by younger tephra localized in saddle between the two hillocks. Mertes (1983) provided the stratigraphy of the Goldberg volcano as well as one chemical analysis. Cools (2004) described the spreading of volcanic minerals in the surroundings.
-VOLCANOLOGICAL FEATURES
For Mertes (1983) , the Goldberg is a scoria cone of which accumulation of products is divided in three phases separated by two unconformities. Thanks to the progress of the quarry digging, additional investigations have been conducted to document the volcanological story of the Goldberg before its forthcoming disappearance ( fig. 3 ).
First, we observed that the setting of all the volcanic products is compatible with a single origin from the same crater area. The present day SSW-NNE elongated shape of the volcano may have resulted from erosional removal of the northwestern flank by the neighbouring brook. No fissural features are preserved in the crater area. But, a NNE-SSW normal fault cuts the crater, with a westward collapse. Moreover, a N.100 -trending normal fault cut the northeastern part of the volcano with a 2 m vertical motion corresponding to uplift of the northern side and lowering of the southern side (Plate 1, photo A). This tectonic event occurred during the last stage of the volcanic activity, because the upper volcaniclastic deposits are only partly affected by the displacement. It is related to the collapse of the inner part of the volcano. Such faulting may be linked to the Rhine Graben tectonic system ( fig. 2) . The quarry has reached the Devonian basement in many parts, at different altitudes: 620 m at the southern hillock, which was cover by 29 m of volcanic products, 600 m at the northern hillock, and 569 m at the crater edge ( fig. 3 ). The crater area has collapsed, because the basement level is at 575 m to the west of the volcano and at 600 m to the east.
Two different groups of volcanic materials are distinguished, Unit 1 and Unit 2, which belong to two successive phreatomagmatic and strombolian phases. The first group, Unit 1, belongs to the initial edifice. It consists of pyroclastic and basement debris fall and flows. The activity began with the formation of a xenolith-rich and poorly bedded breccia deposit that rests above a palaeosol. This deposit reaches the thickness of 2 m at the crater edge (Plate 1, photo B). It obviously resulted from an initial phreatomagmatic and diatreme-like explosion. Then, the area was covered by gently dipping volcaniclastic deposits by a combination of pyroclastic fall and flows. Some intercalated lithic-rich beds revealed the intermittency of explosive phreatomagmatic pulses. Particularly, the middle level of the pile includes a metrethick bed of a fallout lithic-rich breccia that can be seen almost continuously from the south and east of the crater to the northeastern margin of the volcano. In addition, the southeastern part of the volcanic pile shows an angular unconformity due to the scraping of the flank beds and to the flowing of a major surge (Plate 1, photo C). The intercalated thick breccia and the great surge associated with the downfall of the southeastern flank indicate an explosive event, with enlargement of the crater, blasting of the southeastern and southern part of the previous edifice, and vertical motion along the N.100 fault. This event and its volcano-tectonic consequences allow us to distinguish two stages in the phreatomagmatic phase of the volcanological story. The first stage corresponds to the crater opening and to the deposition of the lithological Unit 1a in the whole volcano area. The second stage is characterized by the deposition of the lithological Unit 1b beginning with a thick breccia and an unconformable overlapping surge.
The second group of volcanic materials, Unit 2, is located in and around the crater, and corresponds to the younger tephra of Rahm (1961) (fig. 2 ). It consists of spatter and cinder formations related to a common lava fountaining. This activity belongs to the strombolian phase of the volcanic evolution, after the cessation of the phreatomagmatic explosive activity. It was initiated by a major volcano-tectonic event with a ten-metre-thick downwarping of the western side of the first edifice along the NNE-SSW fault. The strombolian products took place in the crater, where the 50°-dipping inner walls were made of welded scoriae, blocks, and spatter flows. They deposited on the crater rim, where the welded tuffs overlie the volcaniclastic beds of the Phase 1 activity. To the western side, the crater was widely opened as a consequence of the NNE-SSW faulting and western downward removal of the previous phreatomagmatic deposits. There, the spatter and cinder products blanketed the basement and filled up the opening (Plate 1, photo D). These products are related to the building of a common strombolian cone until the decreasing and the end of the volcanic activity.
The significant result of this volcanological study is that, in spite of its small size, the Goldberg volcano was able to produce tephra some tens of kilometers away because of its, at least, two explosive events. First, the activity started with a violent phreatomagmatic explosion. Then, a new explosion destroyed a large part of the first edifice, as shown by the deposition of a thick breccia layer and the unconformable overlap of a surge in the southeastern area. Finally, a drastic volcano-tectonic event caused the removal of all the western part of the phreatomagmatic edifice and initiated the strombolian activity.
-PETROGRAPHICAL OBSERVATIONS
Rahm (1961) identified clinopyroxene as the dominant mafic mineral along with biotite. Bustamante Santa Cruz (1974) performed microprobe analyses of five clinopyroxenes from the Golberg, which were classified as titanoaugite. Mertes (1983) confirmed the prevalence of clinopyroxene over biotite in the Goldberg products. In addition, this author provided one chemical analysis of the lava, which is indicative of a pyroxene-and olivinerich leucite nephelinite composition, according to the norm calculation.
We investigated lava samples from spatter flows, massive bombs, scoriae and lapillis. Texture is hyalomicrolitic porphyritic and seriate with abundant phenocrysts of pale green clinopyroxene, flakes of phlogopite, and less abundant phenocrysts and microphenocrysts of olivine highly replaced by iddingsite at the border and along the cracks. Large aggregated megacrysts of greenish clinopyroxene are common. The matrix is made of microcrysts of the same minerals plus microlitic melilite, nepheline, deep brown spinel and iron oxides. The glassy groundmass is rich in interstitial nepheline and leucite. One must note the absence of amphibole. The rock is named: pyroxene, phlogopite-, and olivine-phyric leucite melilite nephelinite. The scoriae and lapilli contain numerous fragments of clinopyroxene and flakes of phlogopite, but scarse olivine. It is suggested that explosive processes strongly fragmented the oxidized and fissured crystals of olivine.
Finally, the noteworthy original composition of the Goldberg volcaniclastic products is as follow: abundant clinopyroxene, moderate amount of mica, rare olivine, and absence of amphibole.
-ANALySES OF gOLDBERg PRODUCTS
The study of the Goldberg tephra has been conducted from the volcano to the surrounding area. Special search has been done in a peatbog and in the soils (fig. 4 ).
-SAMPLING
Volcano. Ten samples of the pyroclastites were taken in various parts of the volcano throughout the stratigraphical column, in order to detect variations of the lava composition during the volcanic eruption.
Peat bog. The Bragphenn peatbog, 3 km SW of the Goldberg ( fig. 4 ) was investigated. But it is devoid of Goldberg products. We only discovered the Upper Laacher See Tephra (ULST) within the peat.
Surrounding soils. Since no products from the Golberg were observed in roadcuts or trenches in the surroundings of the volcano, 48 samples were taken from present soils on flat surfaces, most of them in plateau position ( fig. 4) . In such sites, minerals of the ULST are present since the area is part of the western lobe of the Laacher See volcano (Juvigné, 1977a; van den Bogaard & Schmincke, 1985) . The main question is whether the Goldberg tephra is also preserved in such sites despite its old age. Of course, tephras from other Eifelian volcanoes could also be present in the area; for instance the region is on the route of the Eltville Tephra and the Rocourt Tephra originating from the Eifel and present in Belgium (Juvigné, 1993) . Furthermore, ashes from nearby volcanoes of the WEVF transported by NW winds could also be mixed into the soils.
At all sites, a hole was dug down to the basement with a spade (generally 15 to 20 cm in depth). The present soil is very thin: about 10 cm of loess, with additional humus in forests. It overlies a few centimetres of gravely silt, then the basement. Since the tephra minerals are mixed in the soil, mainly by bioturbation, as it was demonstrated for the ULST minerals (Juvigné, 1977a ), a single sample (between 100 to 150 g) was taken, from the surface to the basement.
-LABORATORY METHODS
Smear slides. In the silt fraction, the tephra material is scarce, because the matrix of the host sediments of present soils is essentially composed of allochtonous loess, and loam from altered Devonian shales and sandstones, rich in heavy minerals. On the contrary, volcanic grains widely dominate in the sandy fraction in which the grain- On the left side of the slash, numbers localize samples 1 to 48 taken from present soils on flat surfaces in plateau position. On the right side of the slash, excesses of clinopyroxene vs titanite in present soils, in comparaison to the ratio of the heavy mineral suite of the ULST (see tab. 5); higher excesses are in bold. The circled numbers locate the olivine-rich sites. Black star = Goldberg; B = Bragphenn peat bog. size ranges between 105 and 420 µm. This sandy fraction represents only 3 to 15 % of the bulk samples. The same fraction (105-420 µm) was investigated in each sample, from the volcano itself, the present soil, and the ULST of the Bragphenn peat-bog, in order to facilitate the attempts of correlations. Treatment of each sample was as follows: 1) boiling in H 2 O 2 , then HCl-10 % to destroy the cements of aggregates; 2) sieving in water current to gather the fraction 105-420 µm; 3) mounting of smear slides of bulk material; 4) extraction of heavy minerals from 1 g of the 105-420 µm fraction by centrifugation in bromoform (density = 2.8).
Microprobe analyses. For the whole-rock chemical analyses, a few tiny scoriae were crushed to powder, of which 20 mg was mixed with the same weight of lithium tetraborate. The mixture was fused into glass that was crushed in fragments.
Smear slides of the heavy minerals, pyroclasts, and vitrified shards were polished for analyses. The analyses were done with a Cameca SX-50 calibrated as follows: 15 kV, 6 to 10 nA, time count of 6 (Na, K), 10 (Fe, Mn, Cr), 12 (Ca, Ti), and 16 seconds (Si, Al, Mg). We only analyzed the mafic minerals. Feldspars are present, but they cannot be used for the tephra discrimination in the loess deposits, because it is impossible to determine if they belong to the tephra or to detritical sediments.
-PyROCLASTITES OF THE gOLDBERg TEPHRA

-MAFIC MINERALS
The samples contain about 95 % of pyroclasts and 5 % of crystals with some mesostase coating. In all smear slides of heavy material, the clinopyroxenes widely dominate; they exhibit three facies in almost equal parts: euhedral crystals, broken fragments of euhedral crystals, and shards from broken megacrysts. Brown micas are also common minerals in smear slides. A few olivine crystals are present in one sample from a scoria layer of Unit 1b in the southern most part of the quarry, some 8 m below the present soil. Microprobe analyses of minerals were performed on three samples from Goldberg volcano (tab. 1A, 1B and 1C). The compositions of pyroxenes and olivines are represented in figure 5.
The minerals are described hereafter in their abundance order.
The clinopyroxenes consist in fassaitic diopside along with a minority of diopside (tab. 1A, fig. 5 ), with the range composition of 47.3 < XMg % < 37.6, 7.4 < XFe 2+ + Mn % < 2.4, 58.0 < XCa % < 48.0 (table 1A) . As for many pyroxenes from alkaline lavas, they widely overlap the 50 % Ca limit, and plot in the fassaitic area. This is due to their high Al and Ti contents, and so, their high amount of Ca-and Ti-tschermakite end-members. Besides, their Nacontent is low.
The brown micas are highly magnesian (0.79 < Mg/ Mg+Fe 2+ < 0.85) (tab. 1B). They consist in phlogopite, according to the phlogopite-biotite division, where Mg:Fe = 2:1. They are titanian-rich (3.9 < TiO 2 weight % < 4.7), a common feature of micas from alkaline rocks.
The olivines display a Fo-content of 85.6 to 87.1 (tab. 1C; fig. 5B ), a common composition for olivines from alkaline mafic lavas.
-COMPOSITION OF THE PYROCLASTS OF THE CONE
We analysed ten samples of pyroclasts of the cones, from the basal deposit of Unit 1 to the upper agglutinates of Unit 2 in the crater. For each sample, four analyses were carried out. The results are given in table 2. Totals of oxides average 50 % due to the tetraborate part. They are corrected to 100 %. All the analyses are quite similar, except for the alkalies that are very low in three samples. These apparent depletions are due to the high heterogeneity of the volcaniclastic material and to the alteration of mobile elements (Na, K). Notwithstanding these anomalies, it can be concluded that there was no significant chemical variation of the lava during the 54 eruption. Then, the composition of the analyzed Goldberg lava can be assumed for the pyroclasts of the whole tephra. Compared with the lava analysis given by Mertes (1983) (tab. 2), the pyroclasts are slightly reacher in Si, Ti, and Al, and slightly poorer in Mg, Ca, and alkalies. These differences can be explained by the abundance of pyroxene phenocrysts in the lava, as it is recorded.
Fig. 5 : Détermination des minéraux mafiques du volcan Goldberg: A) clinopyroxènes (voir tab. 1A) d'après la nomenclature de Morimoto (1998). B) olivine (voir tab. 1B).
Glass fragments have been selected from pyroclastites of the lower part of Unit 1. As a whole, the glass material is altered, but it is possible to analyze some preserved parts (tab. 3). The seven analyses display some variable amounts of Al 2 O 3 (12.7 -14.7 weight %), MgO (4.5 -6.9 weight %), CaO (11.1 -16.0 weight %), Na 2 O (3.5 -5.1 weight %) and K 2 O (3.4 -6.7 weight %). The MgO-and CaO-contents are negatively correlated with the alkalies contents. This is explained by variable fractionation of olivines and pyroxenes from the whole lava. Comparing the averaged glass analysis to the averaged Goldberg lava analysis from Mertes (1983) , it is calculated that the lava composition results from the addition of 8 % of olivine and 38 % of pyroxenes to the glass composition.
-THE BRAgPHENN PEAT BOg
The Bragphenn peat bog is localized 3 km SW of Goldberg ( fig. 6 ). The site is a saddle between the head of the Rupbach and the Prüm valleys. The Rupbach valley is very wide and without stream in this section. The current upper Prüm has likely flown in the Rupbach valley, until it was captured by the former lower Prüm at the place of the saddle. Backwards erosion profile is present in the upper Prüm river bed some 1500 m upwards. Hence, the present abandoned upper Rupbach valley has become a privilege site for accumulation of deposits.
Various sounding were done to localize where the deposit is the thickest. At this site, a core was taken ( fig. 6B) Mertes (1983) excluant le MnO.
Fig. 6: The Bragphenn site (A) and the lithostratigraphical column at the thickest place of the deposits (B).
Legend: 1, peat with macroremnants; 2, pure fine debris of plants; 3, gleyified clayey silt; 4, Upper Laacher See Tephra; 5, cobbles and blocks; 6, basement; 7, coring site; 8, previous elbow of the upper Prüm river before its capture by the lower Prüm. Background map is from "Topographische Karte 1:100000, C5902, Prüm, Landesvermessungsamt Rheinland-Pfalz". no core could be taken. The bed-rock was reached at a depth of 6 m.
Since the Laacher See Tephra was found in numerous pollen diagrams in the final phase of the Allerød palynozone and dated at about 13 ka (see above), this tephra provides the opportunity to estimate the age of the over-and underlying terrains. It was demonstrated at numerous sites, in Belgium and in the West Eifel, that the peat cover has formed during the Holocene (e.g. Straka, 1975; Woillard, 1975; Bastin & Juvigné, 1978) , so that the peat of the Bragphenn fits with such an age. Hence, the layers of gleyified silt and organic matters interbedded between the ULST and the Holocene peat correspond to the Younger Dryas. Below the ULST, the gleyified loess should correspond to the period of high rate of eolian sedimentation of the Late Weichselian glacial period (Juvigné & Wintle, 1988; Frechen, 1999; Preusser & Frechen, 1999; Frechen et al., 2003) . This gives an age of about 25 ka to the depth 380 cm of the Bragphenn log. The underlying blocky and gravely body is a solifluxion deposit, likely of Middle Weichselian age. No scoria layer similar to the material of Goldberg was found in the core. It is concluded that the Goldberg is older than the Bragphenn deposits.
-PROXIMAL OCCURRENCES OF gOLDBERg TEPHRA
As explained above, the only possibility to look for the Goldberg tephra, apart from the volcano, was to investigate samples taken in present soils in plateau position ( fig. 4) . Preliminary investigations have shown that neither scoriae nor glass shards are present in the samples, likely due to alteration by pedogenic processes. Hence the search for Goldberg tephra could only be based on heavy minerals, taking into account that the ULST should be present, along with traces of other tephras.
-HEAVY MINERAL SUITES OF GOLDBERG TEPHRA AND ULST
The heavy mineral suites of samples from the Goldberg volcano and the ULST of the Bragphenn peat bog are represented in table 4.
In the samples from the Goldberg volcano, clinopyroxene dominates over brown mica. Regarding the percentages, due to free spaces between sheets in Mertes (1983) Tab. 4: Mafic mineral suites of the goldberg products and the ULST in the Bragphenn site. For the Goldberg, percentages were calculated for 1520 minerals distributed in 10 samples taken throughout the stratigraphical series of the volcano. For the ULST, 869 minerals were determined in one slide. micas, the density range overlap the bromoform density (d = 2.8), so that micas represents more than 5 % of the suite, and clinopyroxene less than 95 %.
Tab. 3: Electron microprobe analyses of glass pyroclasts and calculated composition of the relevant lava, in adding its phenocrysts, by comparison with the lava composition of Mertes (1983).
Tab. 3 : Analyses par microsonde électronique du verre des pyroclastes et composition chimique calculée de la lave correspondante, en ajoutant ses phénocristaux, par comparaison avec la composition de la lave d'après
Tab. 4 : Associations de minéraux mafiques des produits du volcan
-MAFIC MINERALS IN PRESENT SOILS ON FLAT SURFACES
A total of 48 samples was taken in present soil on wide flat surfaces (location in figure 4 ). All sites are within a circle 12 km across around the volcano, where tephra from Goldberg was necessarily deposited at the time of the eruption. Since remnants of that material could be preserved along with tephra from other volcanoes and obviously with the ULST, the aim in this study is to identify the material yielded by the Goldberg volcano. The heavy mineral suites of all samples are presented in table 5.
To distinguish the tephra from Goldberg, we have to take into account the followings, which allow us to detect or to discard the occurrence of other tephra material:
-high amounts of titanite along with brown amphibole in all samples testify that the ULST is present; -no enstatite was found, so that the presence of material from the Rocourt Tephra and Remouchamps Tephra should be discarded; -traces of olivine were found, so that the presence of material from the Eltville Tephra cannot be totally excluded, although the olivine may have been provided by any neighbouring volcano, south-east of Goldberg;
-it is not possible to distinguish clinopyroxenes from Goldberg and ULST with an optical microscope alone; -neither brown amphibole nor titanite are present in the Goldberg products; -in the products of the West Eifel volcanoes, titanite is rare, while olivine is a common mineral and brown amphibole locally present; -quantitative variations within the suite of a single tephra were demonstrated for the tephra of the May 18 eruption of Mount St Helens/USA (Juvigné & Shipley, 1983) as a consequence of sorting during transportation of tephra in the stratosphere. So, only the relative abundances have to be considered; -due to their fragility (cleavages), amphiboles are easily broken while sieving, so that amount of amphiboles is usually overestimated. Therefore, ratio "clinopyroxene/ titanite" was only taken into account in the following.
The ratio "clinopyroxene/titanite" was calculated (tab. 5) for the ULST of the Bragphenn peat bog (R = 1.3), and for each sample from present soils. The value 1.3 of ULST was discounted from present soil ratios in order to depict in the latter ones, excesses of clinopyroxenes, which could indicate such minerals yielded by the Goldberg, or may be by other more distal volcanoes. Of course, this assumption does not exclude the presence of clinopyroxenes from Goldberg in samples with ratios lower than 1.3.
Among the 48 investigated soil samples, the excesses (E in the following) of clinopyroxenes can be grouped as follows (tab.5).
-33 samples display excesses E < 1. These values can be explained by quantitative variations within the ULST as demonstrated for the 1980 Mont St Helens tephra (Juvigné & Shipley, 1983 ).
-9 samples display excesses within the range 1 < E < 6, and 6 samples are really clinopyroxene rich with Tab. 5: Mafic mineral content in samples from present soil in plateau position as located in figure 4. The amount of grains corresponds to 1 g of material from soil in the grain size range 105-420 µm. The ratio "clinopyroxene/titanite" was calculated for each sample in order to depict excesses of clinopyroxenes that should come from the Goldberg volcano. The excesses were obtained by discounting the ULST ratio (R=1.3) from the present soil ratios. values E ≥ 6 up to E=17.4. Hence, at least the latter group possibly contains clinopyroxenes from other volcanoes and peculiarly from the Goldberg.
In addition, olivine is observed in four samples (tab. 5), to the east and south of the volcano (circled numbers in fig. 4 ). It has been shown that well preserved olivine crystals are lacking in the Goldberg surrounding tephra deposits, because the Goldberg olivine is highly broken and was destroyed by the explosive processes. Then, the olivine bearing sites must have been supplied by another Eifel volcano.
The geographical distribution of the ratios is represented in figure 4 . Most of the samples displaying high excesses are in a westward position from the volcano. Since the other volcanoes of the WEVF are located at the SE of the Goldberg (the closest ones, 5 km away: Schönfelder Maar and Dehner Maar), and those of the EEVF at the East, this should imply that the pyroxenes (ULST excluded) high excesses should be expected on both side of the Goldberg. By the way, the current distribution should indicate that prevailing winds have spread the Goldberg tephra towards Belgium.
-DISCRIMINATION OF PYROXENES OF THE GOLDBERG TEPHRA AND OF THE ULST, IN SURROUNDING SOILS
Since it seems that the ULST and the Goldberg tephra possibly coexist at least in 6 sites (E ≥ 6), it was decided to go forward in the mineral determination in analyzing the pyroxenes from two sites that display respectively a large (#1: E = 7.4) and a very large (#11: E = 17.4) excess of clinopyroxenes, suggesting a major contribution of the Goldberg (tab. 6A).
For the pyroxenes of the ULST, we retain two analyses of Wörner & Schmincke (1984) from the LS site, and a set of analyses of Juvigné (1991) from the LS site and from four peatbogs in Germany and Belgium (tab. 6B).
Tab. 6A: Representative analyses of pyroxenes from the present soil samples. The pyroxene analyses are plotted in the common MgCa-Fe 2+ +Mn diagram ( fig. 7) . The pyroxenes of the soil sites # 1 and # 11 display the range composition of 46.4 < XMg % < 35.3, 8.9 < XFe 2+ +Mn % < 1.7, 58.6 < XCa % < 48.3. Most of them plot in the area of the Goldberg volcano pyroxenes. A few pyroxenes, slightly richer in Fe and Na, can be related to the ULST. However, the contribution of another basaltic to nephelinitic West Eifel volcano cannot be excluded. The ULST pyroxenes are fassaitic diopside with the range composition of 36.8 < XMg % < 28.1,17.8 < XFe 2+ +Mn % < 8.2, 58.1 < XCa % < 51.5. The fassaitic composition is due to their high Al and Na contents, and so, their high amount of Ca-tschermakite and acmite end-members. Compared to the Goldberg pyroxenes, the ULST pyroxenes are clearly more ferrous, and also richer in Al VI and Na, in agreement with their phonolitic origin. Consequently, it is possible to discriminate the pyroxenes of the Goldberg tephra and those of the ULST.
The best discrimination is obtained in the diagram 100 Mg/Mg+Fe 2+ vs Na+Al VI ( fig. 8 ). The Goldberg pyroxenes (volcano and most of the soil data) are richer in magnesia and poorer in Na and Al VI than the ULST pyroxenes. This distinction is normal for mafic magma pyroxenes compared to evolved phonolitic magma pyroxenes.
Tab. 6B: Chemical composition of representative clinopyroxenes of the ULST. Data for Laacher See area (LS8, LS3) are from Wörner & Schmincke (1984) . Hinkelsmaar (H2, H1), Bragphenn (B2, B5), Konnerzvenn (K1, K5) and Vance (V4, V1) are three sites where the ULST is present in peat-bogs; their mafic minerals were analysed by Juvigné (1991) . Juvigné (1991) . Le tableau détaillé des analyses peut être obtenu sur demande.
-ABOUT THE AgE OF THE gOLDBERg ERUPTION
Based on comparisons with a few dated volcanoes of the EWVF, Mertes (1983) and Mertes & Schmincke (1983) have used four criteria to estimate the age of non dated volcanoes in the same field. The Goldberg was placed in the group of volcanoes, which have erupted between 100 ka and 400 ka.
Magma composition. Degree of morphological preservation for strombolian cones. The Goldberg is not a strombolian cone; hence this criterion cannot be applied.
Age relationship between volcanoes. The Goldberg is a solitary volcano at the NW margin of the WEVF (see above). The two closest ones (Schönfelder Maar and Dehner Maar) are located 5 km away from the Goldberg. They display similar composition, but they have not been either dated.
Relationship of the volcanoes and their products with river fluvial terraces. There is no terrace model for the river flowing around the Goldberg; hence this criterion cannot be applied.
As a conclusion, no evidence supports the integration of the Goldberg in a group of volcanoes that have erupted between 100 ka and 400 ka.
After our results, the following criteria can be added. Minimal age after Bragphenn core. The Bragphenn is so close of the volcano (2 km), that Goldberg tephra should have been deposited on this site. But the Goldberg material is absent throughout the core so that the eruption is obviously older than the Upper Weichselian, i.e. older than 25 ka.
Removal of Goldberg tephra from proximal sites. At the time of the eruption, the plateaus surrounding the volcano should have been blanketed by a multi centimetre thick tephra layer, of which only traces remains in soils as shown by our analyses. This implies a long lasting erosion phase that predates the Upper Weichselian loess deposition (see Bragphenn).
Present soil development. The upper volcanoclastic beds of the Goldberg display a ghostly facies up to 2 m below the current surface. That deep alteration should likely involve not only the Holocene pedogenesis, but perhaps more ancient ones such as the interglacial Eemian one.
-CONCLUSION
The volcanological activity of the Goldberg volcano is somewhat clarified. Two important explosive events have been displayed. Then, at least regional deposition of tephra material may be assumed. In present soil samples in plateau position, the mafic minerals of the Laacher See Tephra are widely dominant. Nevertheless, based on geochemical analyses, the presence of clinopyroxenes from the Goldberg volcano is demonstrated in some samples indicating a westward spreading direction from the volcano, i.e. towards Belgium. The long term erosion period that has followed the deposition of the Goldberg tephra explains the scattered occurrence of its minerals even in proximal sites. The minimal age of the eruption can be shifted from 11.6 ka BP to at least 25 ka BP.
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